15 



The present invention concerns the communication systems in 
which in order to improve the fidelity of the transmission, the data to be 
transmitted are subjected to a channel coding. It concerns more part.cularly a 
"turbocoding" method, as well as the devices and apparatus intended to 

implement this method. 

It will be recalled that so-called "channel- coding consists, when the 
"code words" sent to the receiver are formed, of introducing a certain degree of 
redundancy in the data to be transmitted. At the receiver, the assoaated 
decoding method then judiciously uses this redundancy to detect any 
transmission errors and if possible to correct them. More precisely, the 
■Hamming distance" between two binary sequences of the same length ,s 
defined as the number of locations where the two sequences have a different 
binary element. The code words obey certain rules defined by the cod.ng 
method in question, which enables the receiver to replace the word rece.ved 
with the "legal" code word situated at the shortest Hamming distance from th» 
received word. 

It is clear that this error correction procedure is more reliable, the 
greater the minimum Hamming distance between the various code words. It 
will be noted that the distance between a given code word and the "null" code 
word (the one where all the binary elements are zero) is equal to the number of 
binary elements equal to 1 , called the "binary weight", of this given code word. 
It is deduced from this that, all other things being equal, the higher the minimum 
value of the binary weight of the code words (excluding the null word), the 
better the coding method. For more details, reference should be made for 
25 example to the book "Computer Networks" by A. Tannenbaum, 3 edtion. 
Prentice-Hall International, New Jersey, 1996, page 184. 

In particular, the coding methods known as "cyclic redundancy 
codes" are known. In each of them, the choice has been made of a polynom.al 
g( x) referred to as the "generator polynomial", with binary coefficients, of 
30 degree d and with a constant term equal to 1 . Each sequence of informal to 
be transmitted is, possibly by extending it with zero elements, put in the form of 
a bina^/ sequence „ having a fixed length *. Then a sequence a is formed by 
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extending the sequence u by means of a number of bits equal to d. these so- 
called padding bits being chosen so that the polynormal 

k+d-1 

a(x)= £ a ' y 

associated with a ^divisible by g(x) (modulo 2). It is the sequences a (of 
length p - k * d) which are sent to the receiver. The transmission errors are 
then detected by examining the remainder of the division of the code word 
received by the generator polynomial (see for example A. Tannenbaum, op. 

oil, pages 187-188). 

Recently very effective coding methods have been proposed, known 
as "turbocodes", in which the redundancy is increased by transmitting, for each 
sequence „ of initial data, not just one but three binary sequences a, b and c 
obtained a. explained below. The turbocodes form part of so-called 
■■convolutiona!" codes, that is to say codes in which each bi, entering a 
combined with other bits temporarily recorded in this coder, these temporary 
recorded bits having been produced by the processing, in the coder, of the 
previous incoming bits; because of this, the result of the coding of a sequence 
entering a convolution^ coder depends in general on the sequences prev,ously 

Pr0CeSSed T he sequence b which has just been mentioned is obtained by 
20 means of a device which will be referred to as the -firs, coder", normally on the 
basis of the polynomial representation 

b(x) = a(x)f,(x)/g(x), 
where a(x) is the polynomial associated with the sequence a, g(x) a fimt 
predetermined polynomial with binary coefficients of degree d and w,th a 
constant term equal to 1. and «x) a second predetermined polynomial w„h 
binary coefficients without a common divisor with g(x). The polynomial g(x) ,s 
called the "recursion polynomial" because of its appearance at the denom.na.or 

of the above expression. 

As for the sequence a. it can be taken to be identical to u, but ,s 
often obtained, as in the "cyclic redundancy codes", by extending the sequence 
„ by means of padding bits chosen so that a(x, is divisible by g(x). Th,s 
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because as is Known to-experts. this ***** is a necessary condition for 
ZnU the same quality o f decodin g for the las, bits in each seance as 

" " "lequence £ , f ina« y , is chained by means of a device which will 

representation 

C (x)=a*(x)-f 2 (x)/g*(x), 
where 9 x) is a third predetermined polynomial with b,na, — ° 
decree d and with a constant term equal to 1. where «x) « a fourth 
"Lined polynomial with binary coefficients, without a common * 
with g-M and where the poiynomia, a*(x) represents a brnan, sequence a 
I! results in a predeterm.ned manner from a permutation o, the brnary 

The "turbodecoding of the message u<* 

fol ,owin g manner: the decoder receives three sequences of nun. er, eno e 

a . b . and * which have been produced hy the actron of he no ls e of 

~~ , »ho transmitted sequences a, b and c. me 

transmission channel on the transmrtted q 

—rals a.(x) by the recursion polynomial g «(x), this problem havmg to be 
eloZ th ontext where each o, these polynomials a'M comes from a 
o omial a(x, divis.ble by 9 (x). A Known solution consists, firsdy. ^e— 
n a predetermined manner the binary elements of u_ ,„ order * 



method has the drawback that the efficacy of the turbodecoding is not .deal 
because of the fact that a and a« contain sets of padding bits chosen 
independently of each other; the result is a certain loss of reliability (measured 
in terms of error rates) in the transmission. 

The patent application EP 0 928 071, in the name of Canon, 
resolves this tricky problem by means of interleaved in which the sequence a" 
is obtained directly by permutation of the binary elements of a. More precisely, 
a* has been represented by the polynomial 



10 



a*(x)=X aiX" 

where 40 belongs to a certain class of permutations of the integers / lying 
between 0 and (p-1); for each of these interleavers, it is always possible to find 
a polynomial g«(x) such that, whatever the polynomial a(x) divisible by g(x), the 
polynomial a-(x) is also divisible by g«(x). Thus, once the sequence a has been 
formed, additional padding bits do not have to be added to obtain a*. 

In addition to a high minimum distance, a second quality sought for a 
coding method is obviously its simplicity of implementation, that is to say the 
simplicity of the algorithm employed, with regard to both the coding and the 

associated decoding. 

To this end, the document EP 0 928 071 mentioned above presents 
a particular example of permutation belonging to said Cass of permutations 
preserving divisibility: there the residue modulo p of the product </e), where e ,s 
a predetermined strictly positive integer number, relatively prime with p and 
congruent with a power of 2 modulo p, is taken for *«; as a result r/(x) ,s 

simply equal to g(x). 

This interleaver, which has the merit of simplicity, does however 
have the drawback of requiring that the length p of the sequences a and a« be 
an odd multiple of the period of the recursion polynomial (the period of a 
polynomial g(x) is defined as being the smallest positive integer N such that 
said polynomial g(x) divides (*» ♦ fl moduto 2; for other properties already 
30 known of the said period, it is possible to consult the classic work by F.J. 
McWilliams and N.J.A. Sloane entitled "The Theory of Error-Correcting Codes , 
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published by North-Holland in 1977. the seventh edition of which appeared in 
1992 )- 

To allow a greater choice in the length of said sequences wh.lst 
preserving the advantages offered by the interleavers according to EP 0 928 
5 071 the invention proposes a turbocoding method for the transmiss.on of 
information in which, a first polynomial with binary coefficients g(x) of degree d 
and with a constant term equal to 1 having been predetermined, first of all sa.d 
information is presented in the form of binary sequences u of length 

10 where p^is I predetermined multiple of the period N of the polynomial g(x), and 
then, for each of said sequences u, there is produced a triplet v of b.nary 
sequences (a,f>,c) intended to be transmitted and obtained as follows: 

- said sequence a is of length p and obtained by extending the 
sequence u by means of d "padding" bits so that the polynomial 

p-i 

15 a(x)=2 a ' V 

i=0 

associated with a is divisible by g(x), 

- said sequence b is represented by the polynomial 
b(x) = a(x)U(x)/g(x), 

where *(x) is a second polynomial with predetermined binary coefficients, 

20 without a common divisor with g(x), and 

- said sequence c is represented by the polynomial 

c (x) = a*(x) f 2 (x)/g*(x), 

where 



a*(x)=£ a,x< 

i=0 

25 where MO is a predetermined permutation of the integers / lying between 0 and 
(p-1) where g'(x) is a third polynomial with predetermined binary coeftaents, 
of degree d and with a constant term equal to 1 . 40 and g'(x) being chosen so 
that whatever the polynomial a(x) divisible by g(x), a«(x) is divisible by g*(x), 
and where f 2 (x) is a fourth polynomial with predetermined binary coefficients, 

30 without a common divisor with g*(x), 



characterized in that there is taken for the residue modulo p of the product 
(/■e) where e is a predetermined strictly positive integer, relatively prime with p, 
congruent with a power of 2 modulo N, and not congruent with a power of 2 
modulo p, from which it results that g*(x) is identical to g(x). 
5 Correlatively, the invention concerns a turbodecoding method, said 

method being remarkable in that it makes it possible to decode received 
sequences which have been transmitted after having been coded by means of 
a turbocoding method according to the invention. 

Thus the turbocoding methods according to the invention, although 
10 not requiring any additional padding bits for obtaining the "interleaved" 
sequence a*, are applicable to a wide range of lengths p of transm.tted 
sequences (since M=p/N can be even or odd), whilst remaining relatively simple 
to implement. 

In addition, the turbocoding methods according to the present 
15 invention, whilst fitting within the general context of permutations disclosed by 
EP 0 928 071 , enable an expert to have access, where he chooses M odd, to a 
greater reservoir of values of the number e amongst which it is possible to 
choose an optimum value e*. by comparison with the particular example of 
permutation disclosed by EP 0 928 071 and mentioned above. 
20 This is because this particular example of permutation already offers 

a fairly wide set of possible values for e, defined (amongst other criteria) by the 
fact that each number e in this set is congruent with a power of 2 modulo p. 
However, subsequent researches have enabled the inventor to have access to 
an additional reservoir of values of e defining, here too, permutations 
25 preserving divisibility: it is a case (amongst other criteria) of the integers 
congruent with a power of 2 modulo N which are not congruent with a power of 
2 modulo p. Not only the new values of e thus revealed allow a pract.cal 
implementation of a turbocoding with the same advantages as a turbocoding 
according to the example disclosed by EP 0 928 071, but also an expert will be 
30 able according to the concrete conditions of implementation, to seek sa.d 
optimum value e* both in the values of the known set and in the values of the 
additional reservoir supplied by the present invention. 



It is notably desirable to use a code with a large minimum distance 
(as explained in the introduction, the minimum distance of the code fulfils an 
important role in the suitability of the code for detecting and correcting 
transmission errors). For this purpose, the same procedure will be followed for 
5 determining an optimum value e* of e: 

a) a certain number of different sequences u are chosen to form 
what will be referred to as the "representative set", 

b) for each strictly positive integer number e less than p, congruent 
with a power of 2 modulo N and relatively prime with p: 

10 - the total binary weight PB of all said triplets of binary sequences v 

associated with the sequences u belonging to said representative set is 
calculated, and 

- note is taken of the value w(e), associated with this value of e, of the 
minimum weight amongst all these binary weights PB, and 
15 C ) in order to implement the coding, the value e* of e which is 

associated with the largest value of this minimum weight w is chosen. 

By virtue of these provisions, the codes according to the invention 
benefit from a relatively high minimum weight, whatever said predetermined 
polynomials chosen. 

20 According to another of its aspects, the invention concerns various 

devices. 

It thus concerns a device for coding sequences of data intended to 
be transmitted by means of a turbocoding method according to the invention, 
said device being remarkable in that it has: 
25 - means for obtaining, for each sequence of data u, said sequence a 

associated with u by extending the sequence u by means of said d padding 
bits, and 

- at least one turbocoder having an interleaver *, able to effect the 
permutation provided for in said method. 
30 Correctively, the invention concerns a decoding device intended to 

implement a turbodecoding method according to the invention, said device 
being remarkable in that it has: 
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- at least one turbodecoder having two interleaves «, able to effect the 
permutation provided for in said method, and a dein.erleaver * able to reverse 

this permutation, and 

- means for producing a binary sequence 0 by removing the last d bits 
of the estimated sequence a obtained at the end of the turbodecoding of the 
received sequences a', ff and c' corresponding respectively to said transmitted 

sequences a, b, and c. 

The present invention also relates to: 

an apparatus for transmitting coded digital signals, having a coding 
device as succinctly described above, and having means for transmitting sa.d 

coded sequences a, b, and c, 

- an apparatus for receiving coded digital signals, having a decoding 
device as succinctly described above, and having means for receiving sa.d 

sequences a.', and cj, 

- a telecommunications network, having at least one transmission 
apparatus or one reception apparatus for coded digital signals as succinctly 
described above, 

- a data storage means which can be read by a computer or a 
microprocessor storing instructions of a computer program, making it possible 

, to implement one of the methods according to the invention, 

- a means of storing data which is removable, partially or totally, and 
which can be read by a computer and/or a microprocessor storing instructions 
of a computer program, making it possible to implement one of the methods 

according to the invention, and 
5 - a computer program, containing instructions such that, when said 

program controls a programmable data processing device, said instructions 
mean that said data processing device implements one of the methods 

according to the invention. 

The advantages offered by these devices, digital signal processing 
,0 apparatus, telecommunications network, data storage means and computer 
programs are essentia,* the same as those offered by the methods according 
to the invention. 



Other aspects and advantages of the invention will emerge from a 
r eading of the detailed description, which will be found below, of a preferred 
embodiment given by way o, non-limitative example. This description refers to 
the accompanying drawings, in which: 
5 . Figure 1 is a flow diagram illustrating the successive steps loading to 

the selection of a particular coding method according to an embodiment of the 
invention, 

- Figure 2 depicts schematically a coding device according to an 

embodiment of the invention, ..««,= 
10 - Figure 3a depicts schematically the conventional functioning of the 

first coder, , 

- Figure 3b depicts schematically the conventional functioning of the 

second coder, . ie 

- Figure 4 depicts schematically a digital signal transmission apparatus 

15 according to an embodiment of the invention, 

. Figure 5 depicts schematically a turbodecoding device according to an 

embodiment of the invention, ,« 

- Figure 6 depicts schematically a digital signal reception apparatus 

according to an embodiment of the invention, 

Figure 7 depicts schematically an embodiment of a w,reless 
telecommunications network able to implement the invention, and 

- Figure 8 is a graphic illustrating the results of a simulate of a coding 
and decoding method according to an embodiment of the invention. 

To commence, an explanation will be given, by means of numerical 
25 examples, of the mathematical principles on which the invention is based. 
Take for example the polynomial 

of degree T- V aVthe^ecursion polynomial. It divides <x' + 1) (the quotient 
being but does no, divide <x» * 1) for N between 1 and 6. the 

30 period of this polynomial g(x) is therefore equal to 7. 

Take now for example a length of transmitted sequences equal to 

p= 14, i.e.: M = p!N- 2. 
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To find the possible values of e, there are sought first of all the 
integers congruent with a power of 2 modulo 7 <N being equal to 7), that is to 
say congruent with 1 , 2 or 4, being limited to the values below 1 4 (p be.ng equal 
to 14) which are the only useful values since the different permutations are 
5 distinguished by the residues of (/ e) modulo 14; the corresponding values are: 
! 2 4 8 9, and 11. Finally, by eliminating the values 2. 4 and 8. which each 
have a common divisor with 14 (and which would not give rise, consequently, to 
a permutation of the 14 indices concerned), it is found that, for this example, 
the "useful" values of e are 1 , 9 and 1 1 . 
10 The example which we have just studied includes a length of 

sequences which is an even multiple of N, a length incompatible with the 
methods according to EP 0 928 071. It will now be shown, on the bas.s of a 
second example, that the present invention is advantageous compared wrth this 
prior art even in the case where M is odd. Consider therefore, with the same 
1 5 g(x) as above, the case p = 63 (i.e.: M = 9). It is easily found that the integers e 
congruent with a power of 2 modulo 63 (and therefore also congruent wrth a 
power of 2 modulo 7) which are "useful", are: 

e=1,2,4, 8, 16,32. 
However, the present invention makes it possible to choose e also from 

20 amongst the values: 

e = 1 1 22 23, 25, 29, 37, 43, 44, 46, 50, 53, 58 
corresponding' to the integers congruent with a power of 2 modulo 7, but not 
congruent with a power of 2 modulo 63. 

Construct now a permutation according to the invention, for example 
25 in the case, studied above, where p = 14 and e = 9. Taking the residues of (90 
modulo 14 for / between 0 and 13, the following are easily found: 

a* 0 = 3o, a*, = a,,. a\ = a.. a* 3 = a„ a% = a 2 . a% = a„. a% = a 10 . a% = a 7 , 
a* 8 = a 4 , a* 9 = a„ a* 10 = a„, a*„ = a,. a* 12 = a., et a* 13 = a,. (D 
Examine the effect of this permutation on any sequence of data, for 

30 example: 

u=(1,0, 0,1,0,0,0,1,0,0,0). 
By extending u with the 3 (d being equal to 3) bits (1 ,0,1), there is obtained 
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a = (1, 0. 0. 1. 0. 0. 0. 1. 0, 0, 0, 1, 0, 1), that is to say 
a(x) = 1+x 3 + x' + x" + x", 2 
which is indeed divisible by g(x) (the quotient being equal to (1 + x ♦ x + x- 
+ x' ♦ x»». Using equation (1), there is then obtained the sequence a 
represented by the polynomial 

a*(x) = 1+ x + x s + x' + x". ? 
which is indeed divisible by g(x) (the quotient being equal to (1 + x>+ X 1 + x* + * 
+ X s + x' 0 )) in accordance with the aim sought by the invention. 

It can be shown that, whatever the permutation according to the 
invention, the appropriate polynomial g*M is none other than g(x). 

It can thus be seen that the choice first of all of g(x), and then of p, 
leads, by applying the above rules, to a set "E" of "useful" values of e. All that 
remains then is to choose the polynomials t M and «x). and to fix a value of e 
which is as effective as possible in terms of residual error rate after deood.ng, ,n 
order to obtain a particular turbocoding method according to the invent™. 

in general terms, the procedure leading to the selection of a method 
according to an embodiment of the invention will preferably comprise the 
following steps, described with reference to Figure V At step 1201, a given 
recursion polynomial g(x) is chosen, as well as the polynomials «x) and «x), 
on the basis of criteria well known to specialists in recursive coding methods 
(normally polynomials ft(x) and «*) with the same degree d as g(x)> are taken). 
At step 1202 the period N of the polynomial g(x) is calculated. At step 1203, 
the length p of the coded sequences a to be transmitted is chosen; this length 
mus , according to the invention, be a multiple of N, complying with the 
technical standards associated with the transmission channel concerned w I 
also normally limit the possibilities of choice. At step 1204, all the -useful 
values of e are calculated, that is to say the set E of integers lying between 1 
and p which are congruent with a power of 2 modulo N and relatively prime 
(that is to say without a common divisor) with p. At step 1205, a set ■(/ of 
, binary sequences u is determined, each of length * - p - d. intended to 
represent all the possible data sequences. It is possible here either to generate 
such a set according to pre-established rules, or to use a databank where such 



12 



a 



a set has already been recorded. At step 1206. there are calculated, by 
padding (as explained above), all the sequences a corresponding to the 
sequences u contained in U. so as to constitute a set At step 1207, all-the 
values of e contained in E are considered in turn; for each of them, first of all 
5 the associated permutation is calculated, as done in the above numencal 
example- and then, by multiplication and division of polynomials, all the tnplets 
v corresponding to the elements of "A" are calculated, so as to constitute a set 
V then the binary weight PB of each element of "V" is calculated; finally, the 
minimum w is determined, amongst all these weights PB, associated with this 
10 particular value of e, and the function w(e) is recorded. The optimum value of e 
for this turbocode, that is to say associated with the greatest possible m,n,mum 
distance, is finally obtained, at step 1208, by identifying the value of e which 
supplies the maximum value of the minimum weight w. 

Figure 2 depicts a coding device according to the invention, in which 
15 the coding of the data for the purpose of transmission is effected by a 
turbocoder consisting of two conventional coders and one interleaver *, (two- 
parity system). 

It will be recalled that a conventional turbocoder consists of two 
recursive systematic convolutional (RSC) coders, and an interleaver, disposed 

20 as shown in Figure 2. The turbocoder supplies as an output, for each 
sequence of incoming binary elements a, three sequences of binary elements 
(a b o) where a is the so-called "systematic" output of the turbocoder, that is 
to' say one which has undergone no modification compared with the input 
signal b is the output coded by the first coder (designated RSC1) and c ,s the 

25 output coded by the second coder (designated RSC2) after passing through the 
interleaver rci. 

In the preferred embodiment, the signal transporting the sequence of 
data u supplies a padding module 30. This module 30 is responsible for 
extending the sequence u by means of padding bits, as explained below, so as 
30 to obtain a sequence a whose length p is a multiple of the period N of the 
polynomial g(x), and where the associated polynomial a(x) is divisible by g(x). 
The resulting signal then supplies the turbocoder 40. The latter has an 
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deleaver «, according to the invention, that is to say one producing, from the 
sequence a, a permutation a* divisible by g(x). 

The consequence of the methods according to this embod.ment of 
the invention is thus that the fina, state of each coder (that is to say a. the end 
of the coding of any sequence) is identical to its initial state (at the star, of the 
coding of said sequence), which guarantees a uniform decoding qua,„y for all 
the bits in the same sequence. The said states of the coders are depicted ,n 

Fiqures 3a and 3b. 

Figure 3a is an operating diagram of the first RSC coder (the one 
producing a sequence b from a sequence a), in the case where, for example, 
^( X ) = 1 + x 2 + x 3 , and 

g(x) = 1 + x + x 3 

are taken. 

This coder carries three bits s„ s 2 , and s, in memory. 
Figure 3b is an operating diagram of the second RSC coder (the 
one producing a sequence c from a sequence a'), in the case where, for 

example, 

f 2 (x) = 1 + x + x 2 + x 3 , and 

g*(x) = 1 + x + x 3 

20 are taken. 

This coder carries three bits s\ s\ and s* 3 in memory. 
These two RSC coders are illustrated in Figures 3a and 3b in the 
form of delay elements, such as flip-flops for example. These sequences of 
delay elements fu.fi. the logic functions represented by multiplication or d.vs.on 
25 by a polynomial This representation is convention^ and we.l-known to 

experts. , . 

Finally, the turbocoder 40 sends the three data sequences a, b, and 

c thus obtained to the transmitter 906 (see Figure 4). 

For more details on turbocodes. reference can usefully be made to: 
30 - the articie by C. Berrou, A. Giavieux and P. Thitimajshima entitled 

"Near Shannon Limit Error-Correcting Coding and Decode Turbo-codes . ICC 
•93. Geneva (published by IEEE, Piscataway, NJ. USA. 1993), 
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- the article by R. de Gaudenzi and M. Luise entitled -Audio and V,deo 
Digital Radio Breasting Systems and Techniques', Proceedings of the S.xth 
international Seminar of Tirrenia on Digital Telecommunications, pages 215 to 
226(1993), 

- the article by J. Hagenauer, P. Robertson and L. Papke entitled 
'iterative (Turbo) Decoding of Systematic Convolutionai Codes with the MAP 
and SOVA Algorithms', Informationstechnische Gesellschaft (ITG) Fachbencht, 

paqes 21 to 29 (October 1994), 

- the article by J. Hagenauer, E. Offer and L. Papke entitled 'Iterate 
Decoding of Binary Block and Convolutionai Codes'. IEEE Transactions on 
Information Theory (published by IEEE, Piscataway, NJ, USA, 1996), 

- the article by C. Berrou, S. Evanc and G. Battail entitled 'Turbo-block 
Codes' Proceedings of the seminar 'Turbo-Coding- organized by the Appted 
Electronics Department of the Institute of Technology of Lund, Sweden) 

15 (August 1996), and 

the article by C. Berrou and A. Glavieux entitled 'Near Optimum Error- 
Correcting Coding and Decoding: Turbo-Codes', IEEE Transactions on 
Communications, vol. 44, N» 10. pages 1261 to 1271 (published by IEEE, 
Piscataway, NJ, USA, 1996). 

Figure 4 shows, highly schematically, a digital signal transmission 
apparatus 48 according to an embodiment of the invention. This comprises a 
keyboard 911, a screen 909, an external information source 910, and a rad.o 
transmitter 906, conjointly connected to input/output ports 903 of a coding 
device 901 which is produced here in the form of a logic unrt. 
25 The coding device 901 has, connected together by an address and 

data bus 902. 

- a central processing unit 900, 

- a random access memory RAM 904, 

- a read only memory 905, and 
30 - said inpuWoutput ports 903. 

Each of the elements illustrated in Figure 4 is well known to experts 
in microcomputers and transmission systems and, more generally, information 
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processing systems. These known elements are therefore not described here. 
It should however be observed that: 

- the information source 910 could, for example, be an interface 
peripheral, a sensor, a demodulator, an external memory or another information 

5 processing system (not shown), and could for example supply sequences of 
signals representing speech, service messages or multimedia data, notably of 
the IP or ATM type, in the form of sequences of binary data, 

- the radio transmitter 906 is adapted to implement a packet 
transmission protocol on a non-cabled channel, and to transmit these packets 

10 over such a channel. 

The random access memory 904 stores data, variables and 
intermediate processing results, in memory registers bearing, in the description, 
the same names as the data whose values they store. It should be noted, in 
passing, that the word "register" designates, throughout the present description, 
15 both a memory area of low capacity (a few binary data) and a memory area of 
large capacity (making it possible to store an entire program) within a random 
access or read only memory. 

The random access memory 904 contains notably the following 

registers: 

20 - a register "N°_data" in which the length k of the sequence of data u is 

stored, 

- a register "a", in which the sequence a obtained by extending u by 
means of padding bits is stored, 

- a register "a*" in which the interleaved sequence a* is stored, 

25 - a register "a,b,c" in which the sequences a, b and c resulting from the 

turbocoding are stored, and 

- a register "radio_frame" in which the entire radio frame to be 
transmitted is stored. 

The read only memory 905 is adapted to store, in registers which, for 
30 convenience, have the same names as the data which they store: 

- the operating program of the central processing unit 900, in a register 
"program", 
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- the coefficients of the polynomial g(x), in a register "g", 

- the coefficients of the polynomial f,(x), in a register 'V, 

- the coefficients of the polynomial f 2 (x), in a register 

- the length of the sequences a and a*, in a register "p", 

5 - the permutation defining the interleaver (such as equation (1) above), 

in a register "interleaved, and 

- the value N of the period of g in a register "A/". 

Figure 5 depicts a decoding device 1101 able to decode data 
supplied by an apparatus such as the one in Figure 4. The decoding after 
10 reception is effected by a turbodecoder consisting of two decoders, two 
interleavers *„ a deinterleaver n 2 , an adder 70 and a decision unit 80; the 
decoders, which are designated by "Decoder 1" and "Decoder 2" in Figure 5, 
can for example be of the BCJR type, that is to say using the Bahl, Cocke, 
Jelinek and Raviv algorithm, or of the SOVA type (in English: "Soft Output 

15 Viterbi Algorithm"). 

A conventional turbodecoder also requires a looping back of the 
output of the deinterleaver n 2 onto the input of the first decoder in order to 
transmit to the first decoder the so-called "extrinsic" information produced by 
the second decoder. 

20 The turbodecoder 300 receives the coded sequences a", b 1 and c' 

coming from a receiver 1106 (see Figure 6). Once the decoding has ended, 
the sequence a, which is an estimation of the sequence a transmitted by the 
transmitter 906, is sent to a truncating module 335; this truncator 335, 
according to an embodiment of the invention, produces a sequence u by 

25 removing the last d bits of a (corresponding to the padding bits placed by the 
module 30 in Figure 2); finally, this sequence u is sent to an information 
destination 1110. 

The block diagram in Figure 6 depicts a digital signal reception 
apparatus 333 according to an embodiment of the invention. The latter 
30 comprises a keyboard 1 1 1 1 , a screen 1 109, an external information destination 
1110, and a radio receiver 1106, conjointly connected to input/output ports 
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1103 of a decoding device 1101 which is produced here in the form of a logic 
unit. 

The decoding device 1101 has, connected together by an address 

and data bus 1102: 

- a central processing unit 1100, 

- a random access memory RAM 1104, 

- a read only memory 1 105, and 

- said input/output ports 1103. 

Each of the elements illustrated in Figure 6 is well known to experts 
in microcomputers and transmission systems and, more generally, information 
processing systems. These known elements are therefore not described here. 
It should, however, be noted that: 

- the information destination 1110 could, for example, be an interface 
peripheral, a display, a modulator, an external memory or other information 
processing system (not shown), and could be adapted to receive sequences of 
signals representing speech, service messages or multimedia data notably of 
the IP or ATM type, in the form of sequences of binary data, 

- the radio receiver 1106 is adapted to implement a protocol for the 
transmission of packets over a non-cabled channel, and to transmit these 

packets over such a channel. 

The random access memory 1104 stores data, variables and 
intermediate processing results, in memory registers bearing, in the description, 
the same names as the data whose values they store. The random access 
memory 1 104 contains notably the following registers: 

- registers "data_received", in which there are respectively stored the 

received sequences a', b', and c', 

- registers "extrinsicjnf, in which there are respectively stored the 
intermediate decoding sequences output from the Decoder 2 in Figure 5, 

- a register "estimated_data", in which there are stored the decoded 
sequence a and the corresponding interleaved sequence a*, 

- a register "^iterations", in which there is stored the value of the 
number of iterations already effected by the turbodecoder, 
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- a register "/V°_dara" in which there is stored the length of the 
sequence 0 issuing from the truncator 335, and 

- a register "radiojrame" in which there is stored the entire radio frame 

received. 

5 The read only memory 1105 is adapted to store, in registers which, 

for convenience, have the same names as the data which they store: 

- the operating program of the central processing unit 1100, in a 

register "program", 

- the coefficients of the polynomial g(x), in a register "g", 
10 - the coefficients of the polynomial f,(x), in a register "/7, 

- the coefficients of the polynomial f 2 (x), in a register "f 2 ", 

- the length of the sequences a and a*, in a register "p", 

- the permutation defining the interleaver, in a register "interleave?, 

- the value N of the period of g in a register "AT, and 

15 - the maximum number of iterations in a register "max_N°Jteration". 

It should be noted that, in certain applications, it will be convenient to 
use the same computer device (functioning in multi-task mode) for the 
transmission and reception of signals according to the invention; in this case, 
the units 901 and 1101 will be physically identical. 

20 The methods according to the invention can be implemented within a 
telecommunications network, as shown in Figure 7. The network depicted, 
which can for example consist of one of the future communication networks 
such as the UMTS networks, consists of a so-called "base station" SB 
designated by the reference 64, and several "peripheral" stations SP, {i = ^ 

25 n, where n is an integer greater than or equal to 1), respectively designated by 

the references 66 1f 66 2 , 66„. The peripheral stations 66i, 66 2 66 n are 

distant from the base station SB, each connected by a radio link with the base 
station SB and able to move with respect to the latter. 

The base station SB and each peripheral station SP, can comprise a 
30 coding device 901 as described with reference to Figures 4, 5 and 6, a 
transmission unit and a radio module provided with a conventional transmitter 
having one or more modulators, filters and an antenna. 
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The base station SB and each peripheral station SP, according to the 
invention can also comprise a decoding device 1101 as described with 
reference to Figures 5 and 6, a reception unit and a radio module with its 
antenna. 

5 The base station SB and the peripheral stations SP, can comprise in 

addition, according to requirements, a digital camera, a computer, a printer, a 
server, a facsimile machine, a scanner or a digital photographic apparatus. 

To end, the results of a coding and decoding simulation according to 
the invention are presented below. It was first of all sought to obtain the value 
10 of e offering to the associated code the greatest minimum distance possible, in 
this case, which may be useful in practice, where 
3 g(x) = 1 + x 2 + x 3 , f,(x) = 1 + x + x 3 , f 2 {x) = 1 + x + x 2 + x 3 , and p = 224 (M = 32). 

^ w r (e) designates the minimum weight for all the coded sequences 

"£ ¥. ~ i§l,b,c) associated with the sequences a of weight r and such that a(x) is 

Ih 15 divisible by g(x). The values of w r (e) for r = 2 and for r = 3 have been 
J 4 calculated for each "useful" value of e. These results are given in Table 1 . 

O It can be considered that the value e = 71, for which w 2 = 38 and w 3 

m = 28, is optimum. 

% The performance of this turbocode on a white Gaussian noise 

few 

20 channel was then simulated, for the optimum value of e. The results have been 
expressed in terms of residual error probability, per frame (Frame Error Ratio 
FER) on the one hand, and per bit (Bit Error Ratio BER) on the other hand, 
according to the signal to noise ratio (SNR) per information bit on the channel. 
They are depicted in Figure 8. 

25 To implement this simulation, several values of SNR between 0.8 

and 2.8 dB were studied. For each of these values of SNR, a certain number of 
sequences u were generated randomly and, for each of these sequences, the 
corresponding coded sequence v = (a,b,c) according to the present invention 
was calculated. On each "noisy" sequence (a.'A'.cJ) resulting therefrom, double 

30 decoding iterations were performed, 8 in number at least and 50 at most. After 
the 8 first iterations, the simulation was interrupted as soon as two consecutive 
(double) iterations gave the same result. 
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In order to "experimentally" derive the probable value of the minimum 
distance of the code, the following procedure was carried out. When the 
decoding was interrupted before the 50 th iteration, and when the "estimated" 
sequence a was not identical to the sequence a from which it came, their binary 
5 difference, or "error sequence" d = a + a, was calculated; then the 
corresponding coded sequence v = (d,b(d),c{d)) was calculated according to 
the present invention; finally, the binary weight PB of this coded sequence v 
was calculated and this value of PB associated with an erroneous estimation 
was recorded. This procedure was repeated with as many sequences u as 
10 proved necessary to obtain 25 erroneous sequences a for each studied value 
_ of the signal to noise ratio SNR. 

%fl Once the simulation was complete, it was found that none of these 

5 sequences v associated with an erroneous estimation had a weight PB less 

± than 28. As is known to experts, this result, combined with the relatively high 

U] 15 value of SNR achieved (as can be seen according to the shape of the graphs 

illustrated in Figure 8), is a strong indication that the minimum distance of this 

turbocode must be equal to 28. 
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